climatic factors (temperature and precipitation trends), insect dynamics (SBW population 2012). Therefore, the synchrony between tree growth and SBW dynamics is useful in order to 81 understand the evolution and intensity of outbreaks, and the effect of severe infestation on 82 stand productivity (Boulanger et al. 2012) . Using the predictions of the effects of climate 83 change on SBW outbreaks, models are required that describe how SBW defoliation dynamics 84 interact with tree growth patterns across seasons and landscapes, and how they could affect the 85 future productivity of forests (Krause et al. 2012 ). Moreover, Candau and Fleming (2011) 86 found that the spatial distribution of past defoliation was related to winter and spring 87 temperatures, and stand composition. However, the role of climate in determining the spatial 88 and temporal distribution of defoliation caused by SBW and the interactions with stand 89 productivity are still uncertain, as is the relative importance of the various causes of tree 90 mortality (insect outbreaks vs. drought spells).
91
An innovative approach was applied in this paper, with the aim of examining the dynamics of 92 black spruce growth in relation to the role of climatic factors in determining the severity and 93 duration of SBW outbreaks, rather than reconstructing the history of SBW outbreaks using 94 dendrochronology. We applied a mathematical function on time series data (Cocozza et al. The influence of climate on tree growth was assessed using the BootRes package (Zang and (Table   244 1).
245
The bootstrapped correlation coefficients were significant for total precipitation in December
246
of the previous year for BER and MIS, and in May of the current year for DAN (Fig. 3) . Total the previous year also correlated positively with tree growth in DAN (Fig. 3) .
251
Time lags between time series were found in endemic and epidemic periods with values from 252 +1 to +5 years (Glk ranged between 56 and 92); whereas, no lags (0) were found in some cases
253
(Glk ranging between 57 and 83) ( Table 2) . High values (GSL > 95%) of statistical significance 254 of time lags were found between tree growth and SBW in endemic periods (Table 2) .
255
Mann-Kendall test showed a significant decreasing trend of TRW in all sites (p < 0.01) ( Table   256 3). Significant increasing trends of Pc and Tn were found in all sites (p = 0.001); a significant (Table 3) .
260
Patterns of climatic variables were obtained by the combination of increasing or decreasing 261 trends of the variables considered ( The growth of black spruce responded positively to increasing precipitation during the growing 300 season and temperature in spring (Fig. 3) . Tree-ring width was synchronized with climate 
314
A positive effect of increased summer precipitation was observed on tree growth of the 315 following year (Fig. 3) . Instead, high temperatures in later summer negatively affected the 
Relationships between tree growth and climate and SBW

346
Increases of temperature and precipitation (climate pattern A, 
372
The derivative analysis of synchronous cycles in tree growth trends and insect population 373 dynamics suggests repeated and rapid SBW outbreaks, inducing marked growth reductions.
374
The excessive feeding on buds and foliage produced a distinctive tree-ring signal. outbreaks did not always involve an impact on black spruce growth in the current year (Fig. 4) .
380
A delay in tree growth reduction was observed with lags from 1 to 4 years (Table 2) 
388
The lag between time series has been debated in the last decade, synchrony and/or frequency Tables   579   Table 1 -Descriptive statistics for tree-ring chronologies at the sampling sites (SIM, BER, MIS, 580 DAN). The raw mean ring width and SD were computed on the raw tree ring series; MS, AC, rbar and 581 EPS were computed on the indexed tree ring series. 582 
DESCRIPTIVE
583 between derivative values of TRI and Pc, Tx, Tn, and SBW (instar pupae frequency) in each site.
